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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a stacked positive property thermister 
in which a lower resistance value can be surely realized with thinning 

of a ceramic layer comprising BaTiOS based semiconductor ceramic and 
besides a resistance value can be obtained which is nearly equal to 
those calculated from the stacked structure. 

SOLUTION: The thickness of one layer of the ceramic layers 2 located 
between internal electrodes 3 is defined as X [iim] and a quantity of 
donors Y[%] contained in a BaTiOS based semiconductor ceramic making up 

the ceramic layers 2 is expressed as (the number of donor atoms/the 
number of Ti atoms) X 100. Then, the conditions 5<X<20 and 4<X^Y<10 are 
satisfied. 
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CLAIMS 



[Claim(s) ] 
[Claim 1] 

It is the laminating mold positive thermistor equipped with the 
component body which has a laminated structure with the internal 
electrode which is formed respectively in accordance with two or more 
interfaces between the ceramic layer of the plurality which consists of 
a barium titanate system semi-conductor ceramic which shows a forward 
resistance temperature characteristic by which the laminating was 
carried out, and said ceramic layer, and contains nickel. 
When amount of donors Y [%] which sets to X [mum] thickness of one layer 
of said ceramic layer located between said internal electrodes, and is 



contained in said barium titanate system semi-conductor ceramic is 
expressed with x(a donor atomic number / Ti atomic number) 100, 
5<=X<=20 — and 
4 <=X-Y<=10 

The laminating mold positive thermistor which fills 
[Claim 2] 

It is the design approach of the laminating mold positive thermistor 
equipped with the component body which has a laminated structure with 
the internal electrode which consists of a barium titanate system semi- 
conductor ceramic which shows a forward resistance temperature 
characteristic, is formed respectively in accordance with two or more 
interfaces between two or more ceramic layers by which the laminating 
was carried out and said ceramic layers, and contains nickel, 
The process which determines that thickness X [mum] of said ceramic 
layer will fulfill the conditions of 5<=X<=20, 

The process which determines that amount of donors Y [%] (Y= (donor 
atomic number / Ti atomic number) xlOO) contained in said barium 
titanate system semi-conductor ceramic will fulfill the conditions of 4 
<=X-Y<=10 according to thickness X of said ceramic layer 
^=1^=1^^^^^^, the design approach of a laminating mold positive thermistor. 

[Translation done. ] 

^ NOTICES ^ 
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not reflect the original precisely. 
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3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the laminating mold positive thermistor 
especially constituted using a barium titanate system semi-conductor 
ceramic, and its design approach about a laminating mold positive 



thermistor and its design approach. 
[0002] 

[Description of the Prior Art] 

Since a positive thermistor is constituted, the barium titanate (BaTiOS) 
system semi-conductor ceramic is used widely. The low resistance-ization 
is positively advanced for application expansion of such a positive 
thermistor. BaTiOS used in order to attain low resistance-ization The 
attempt which laminates a positive thermistor about a system semi- 
conductor ceramic in addition to development of the lower ingredient of 
specific resistance is also made. 
[0003] 

Drawing 1 is the sectional view showing a positive thermistor 
interesting for this invention. It was laminated by drawing 1 , namely, 
the positive thermistor 1 of a laminating mold is shown in it. 
[0004] 

With reference to drawing 1 , the laminating mold positive thermistor 1 
is BaTiOS which shows a forward resistance temperature characteristic. 

It has the component body 4 which consists of a ceramic layer 2 of the 
plurality which consists of a system semi-conductor ceramic by which the 
laminating was carried out, and an internal electrode 3 formed 
respectively in accordance with two or more interfaces between the 
ceramic layers 2 and which has a laminated structure. 
[0005] 

Moreover, the external electrode 5 is formed in the both ends of the 
component body 4, respectively. That by which the internal electrode 3 
mentioned above is electrically connected to one external electrode 5, 
and the thing electrically connected to the external electrode 5 of 
another side are arranged by turns about the direction of a laminating. 
[0006] 

In many cases, in the laminating mold positive thermistor 1 mentioned 
above, the internal electrode 3 contains nickel. While nickel is 
comparatively cheap, it is because ohmic nature can be given to the 
ceramic layer 2. 
[0007] 

Moreover, the external electrode 5 contains silver as an electric 

conduction component. 

[0008] 

The following processes are carried out in order to manufacture such a 

laminating mold positive thermistor 1. 

[0009] 

First, it should become the ceramic layer 2 and is BaTi03. The ceramic 



green sheet containing the ceramic raw material powder for a system 

semi-conductor ceramic is prepared. 

[0010] 

Next, the film which consists of a conductive paste containing the 
nickel used as an internal electrode 3 is formed of print processes etc. 
on a ceramic green sheet. 
[0011] 

Next, while accumulating two or more ceramic green sheets with which the 
conductive paste film was formed, the ceramic green sheet for protection 
with which the conductive paste film is not formed up and down is 
accumulated, these ceramic green sheet is stuck by pressure, and it is 
cut into a predetermined dimension after that if needed. The thing of 
the raw condition of the component body 4 is obtained by this. 
[0012] 

Next, the raw component body 4 is calcinated in the reducing atmosphere 
to which the nickel contained in the conductive paste film for the 
internal electrode 3 mentioned above does not oxidize. While the ceramic 
green sheet used as the ceramic layer 2 sinters by this, the conductive 
paste used as an internal electrode 3 is sintered. 
[0013] 

Next, since the external electrode 5 is formed, the conductive paste 
containing silver is given on the both ends of the component body 4 
after sintering, and this can be burned into atmospheric air. 
[0014] 

An above-mentioned printing process serves as the reoxidation processing 
to the component body 4 after sintering, and a thermistor property is 
given to the ceramic layer 2 by this. 
[0015] 

Thus, the laminating mold positive thermistor 1 is obtained. 
[0016] 

[Problem (s) to be Solved by the Invention] 

According to the laminating mold positive thermistor 1 which was 
mentioned above, by making the component body 4 into a laminated 
structure, the thickness per layer of the ceramic layer 2 becomes thin, 
and low resistance-ization is attained by it. 
[0017] 

However, even if it makes each thickness of the ceramic layer 2 thin 
conventionally, the problem that-izing cannot be carried out [ low 
^^^^ ] as predicted may be encountered in fact. 

[0018] 

When are explained concretely, referring to drawing 1 and a flat-surface 



dimension carries out the ten-layer laminating of the ceramic layer 2 
with a thickness of 100 micrometers in the component body 4 which is 
2. Ommxl. 2mm, suppose that 2-ohm room temperature resistance was obtained. 
On the other hand, although thickness of the ceramic layer 2 is set to 
one fifth of 20 micrometers, and 0. 08-ohm room temperature resistance 
should be obtained on count when [ 5 times as many as this ] a 50-layer 
laminating is carried out, only about 0. 28ohms may be obtained in fact. 
[0019] 

Moreover, the inclination which shifts from calculated value as 
mentioned above appears so notably that the thickness of the ceramic 
layer 2 becomes thin like 20 micrometers or less. Therefore, low 
resistance may not be formed even if it carries out lamination of the 
ceramic layer 2. 
[0020] 

Then, the purpose of this invention is offering the laminating mold 
positive thermistor which can carry out [ low **** ]-izing certainly in 
connection with the lamination of a ceramic layer, and can acquire the 
resistance near the resistance moreover calculated from a laminated 
structure. 
[0021] 

Other purposes of this invention are offering the design approach of the 
laminating mold positive thermistor which may fill the above requests. 
[0022] 

[Means for Solving the Problem] 

In the baking process of the raw component body carried out in order 
that this artificer may manufacture a laminating mold positive 
thermistor The nickel contained in an internal electrode is spread to a 
ceramic layer [ near the internal electrode ], and this diffused nickel 
acts as an acceptor. The effect of diffusion of the nickel near the 
internal electrode becomes large, so that it will be carried out, if 
lamination of the ceramic layer is carried out. And the sake. By forming 
a ceramic layer into high resistance, it comes to make a header and this 
invention for low resistance-ization of a laminating mold positive 
thermistor being checked. 
[0023] 

In this invention, if it says simply, paying attention to the donor 
contained in the barium titanate system semi-conductor ceramic which 
constitutes a ceramic layer negating the operation as an acceptor of 
nickel, it is going to remove the factor which checks low resistance- 
ization by specifying this amount of donors in the predetermined range. 
[0024] 



It is first turned to the laminating mold positive thermistor equipped 
with the component body which has a laminated structure with the 
internal electrode which is formed respectively in accordance with two 
or more interfaces between the ceramic layer of the plurality which 
consists of a barium titanate system semi-conductor ceramic this 
invention indicates a forward resistance temperature characteristic to 
be to a detail more by which the laminating was carried out , and a 
ceramic layer , and contains nickel , and in order to solve the 
technical technical problem mentioned above , it is characterized by to 
have the following configurations . 
[0025] 

That is, thickness of one layer of the ceramic layer located between 
internal electrodes is set to X [mum], and when amount of donors Y [%] 
contained in a barium titanate system semi-conductor ceramic is 
expressed with x(a donor atomic number / Ti atomic number) 100, it is 
characterized by fulfilling 5<=X<=20 and 4 <=X, and the conditions of 
Y<=10. 
[0026] 

This invention is turned also to the design approach of the laminating 
mold positive thermistor equipped with the component body which has a 
laminated structure with the internal electrode which is formed 
respectively in accordance with two or more interfaces between the 
ceramic layer of the plurality which consists of a barium titanate 
system semi-conductor ceramic which shows a forward resistance 
temperature characteristic again by which the laminating was carried out, 
and a ceramic layer, and contains nickel. 
[0027] 

The design approach of the laminating mold positive thermistor 
concerning this invention is characterized by having the process which 
determines that thickness X [mum] of a ceramic layer will fulfill the 
conditions of 5<=X<=20, and the process which determines that amount Yof 
donors [%] (Y= donor atomic number / Ti atomic number) xlOO contained in 
a barium titanate system semi-conductor ceramic will fulfill the 
conditions of 4 <=X-Y<=10 according to thickness X of a ceramic layer. 
[0028] 

[Embodiment of the Invention] 

In order to explain this invention according to that operation gestalt, 
drawing 1 mentioned above is referred to again. That is, drawing 1 is 
also drawing showing the laminating mold positive thermistor 1 by 1 
operation gestalt of this invention. Therefore, since the explanation 
about the structure and the manufacture approach of the laminating mold 



positive thermistor 1 which were mentioned above with reference to 
drawing 1 can be fundamentally used in explanation of the operation 
gestalt of this invention, the overlapping explanation is omitted. 

[0029] 

With reference to drawing 1 , first, this invention is applied, when 
thickness X of one layer of the ceramic layer 2 [mum] fulfills the 
conditions of 5<=X<=20. That is, it is applied when thickness X of one 
layer of the ceramic layer 2 is 5 micrometers or more and 20 micrometers 
or less. 
[0030] 

BaTi03 which constitutes the ceramic layer 2 in the above laminating 
mold positive thermistors 1 When amount of donors Y [%] contained in a 
system semi-conductor ceramic is expressed with x(a donor atomic number 
/ Ti atomic number) 100, the conditions of 4 <=X-Y<=10 are fulfilled. It 
is made to increase the amount Y of donors as thickness X of the ceramic 
layer 2 will be made thin, if it says simply. 
[0031] 

The conditions of 4 <=X-Y<=10 mentioned above are searched for based on 
the result obtained by the example of an experiment mentioned later. 
When the operation as an acceptor of the nickel diffused in the ceramic 
layer by making [ many ] the amount Y of donors can be negated 
effectively and thickness X of the ceramic layer 2 is made thin at 20 
micrometers or less so that this example of an experiment may show, and 
the conditions of 4 <=X-Y<=10 may be fulfilled, the problem of low-being 
[ resistance ] hard coming-izing can be solved. 
[0032] 

In addition, if it separates from the conditions of 4 <=X-Y<=10 and the 
amount Y of donors becomes superfluous, the property that a thermistor 
property, i.e., resistance, has a positive temperature coefficient in 
the ceramic layer 2 will fall. On the other hand, if there are few 
amounts Y of donors than the conditions of 4 <=X-Y<=10, the operation as 
an acceptor of nickel cannot fully be negated, but low resistance- 
ization will become difficult. 
[0033] 

In addition, BaTi03 As a donor contained in a system semi-conductor 
ceramic, there are pentads, such as rare earth elements, such as La and 
Sm, or Nb, Sb, etc. , for example. 
[0034] 

Next, the example of an experiment carried out in order to ask for the 

range of this invention is explained. 

[0035] 



In addition, in this example of an experiment, the laminating mold 
positive thermistor equipped with the external electrode which consists 
of a inner layer containing nickel and an outer layer containing Ag was 
produced. 
[0036] 

first, BaC03 and Ti02 — </SUB> and Sm 203 BaTi03 which has the various 
amounts Y of donors by using each powder as a start raw material in 
order to obtain a system semi-conductor ceramic — TiO(Bal-Z SmZ) 3 ''1'' 
which can be set had the mixing ratio which is different in versatility 
as shown in Table 1, and prepared the start raw material mentioned above. 
[0037] 

Amount of donors Y [%] expressed with x(Sm atomic number / Ti atomic 
number) 100 corresponding to above-mentioned ''T!' is shown by Table 1. 
[0038] 

Next, pure water was added to the start raw material powder concerning 
each sample prepared as mentioned above, preferential grinding 
processing was carried out to it with the zirconia ball for 5 hours, and 

temporary quenching of each start raw material powder was carried out to 
it at the temperature of 1150 degrees C after the desiccation process 
for 2 hours. 
[0039] 

Next, the ceramic green sheet was obtained by adding an organic binder, 
a dispersant, and water to the obtained temporary-quenching powder, and 

fabricating the slurry obtained by carrying out mixed processing with a 
zirconia ball for several hours in the shape of a sheet. In this process, 
the thing of various thickness was produced so that thickness X after 
baking might serve as a value shown in Table 1 as a ceramic green sheet. 
[0040] 

Next, on the ceramic green sheet, the conductive paste containing nickel 
was given by print processes, and the conductive paste film used as an 
internal electrode was formed. 

[0041] 

Next, while accumulating two or more ceramic green sheets so that the 
conductive paste film might counter mutually through a ceramic green 
sheet, the ceramic green sheet for protection with which the conductive 
paste film which serves as an internal electrode up and down is not 
formed was accumulated, and these were stuck by pressure, and 
subsequently, it cut so that it might be set to 2. Ommxl. 25mm with the 
dimension after baking, and the raw component body was acquired. 
[0042] 

In the process which acquires an above-mentioned raw component body, 



about all the samples shown in Table 1, according to the thickness of 
the ceramic green sheet used in each sample, the number of laminatings 
was changed so that the thickness after baking might be set to 1. 2vm. 

[0043] 

Next, the conductive paste containing nickel was given and dried on the 

both ends of a raw component body. 

[0044] 

Next, the raw component body was calcinated at the temperature of 1200 
degrees C under the reducing atmosphere of H2 / 2 = 3% of N. The 
conductive paste which the ceramic green sheet and the conductive paste 
film which constitute a raw component body sintered, and the component 
body after sintering which consists of a ceramic layer and an internal 
electrode was acquired by this, and was given on the both ends of a raw 
component body sintered, and the inner layer after sintering for an 
external electrode was obtained. 
[0045] 

Next, on the inner layer for the external electrode formed on the both 
ends of the component body after sintering, the conductive paste 
containing silver was given, it was made to dry and this was able to be 
burned at the temperature of 700 degrees C into atmospheric air. The 
outer layer for an external electrode was obtained by this. Moreover, 
reoxidation processing of the ceramic layer was carried out, and the 
thermistor property was given to the ceramic layer at coincidence. 
[0046] 

Thus, about the laminating mold positive thermistor concerning each 
obtained sample, as shown in Table 1, room temperature resistance and a 
thermistor property were measured by 4 terminal method, respectively. 
[0047] 

In addition, the ratio to the calculated value of the room temperature 
resistance to everything but room temperature resistance and the 
calculated value of room temperature resistance is also shown in Table 1. 
Calculated value is BaTi03 of each sample shown in Table 1. The value 
acquired from the resistivity at the time of carrying out the laminating 
of the ceramic layer as a layer thick enough like the thickness of 100 
micrometers with the presentation of a system semi-conductor ceramic 
when it is made the thickness in each sample is calculated by count. 
[0048] 

Moreover, the thermistor property shown in Table 1 is the resistance 
R250 measured under the temperature of 250 degrees C. The ratio R250 
with the resistance R25 measured under the temperature of 25 degrees C / 
R25 is calculated, and it asks for a ratio R250 / digit count of R25 



from the logarithm log (R250 / R25). 

[0049] 
[Table l] 
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[0050] 

In Table 1, this invention of what gave * to the sample number is out of 

range. 

[0051] 

In Table 1, room temperature resistance is 0. Bohms or less, a ratio with 
calculated value is smaller than 3.0, and the thermistor property makes 
the thing of 3.0 or more figures further the sample of this invention 
within the limits. 
[0052] 

Although room temperature resistance shows the value higher than 
calculated value from the result shown in Table 1 even if it is which 
sample, according to the sample which is within the limits of this 
invention, it turns out that it has a near value with calculated value, 
and-izing can be carried out [ low **** ] by lamination. 
[0053] 

Moreover, if it compares among samples 14-17, as for these, Z Y of 
donors, i. e. , the amount, is mutually the same, but if attached to 
thickness X, in the sample 14, lamination is carried out [ 20 
micrometers and a sample 16 ] more in the sequence of samples 14-17 like 
10 micrometers by 15 micrometers and the sample 17 by 30 micrometers and 
the sample 15. In such a case, it sets, and like after a sample 15, a 
ratio with calculated value becomes larger and there is an inclination 
for room temperature resistance to shift from calculated value more 
greatly, so that thickness X becomes thinner, when thickness X is set to 
20 micrometers or less. 
[0054] 

On the other hand, like samples 9-12, if Z Y of donors, i. e. , the amount, 
is increased, in connection with lamination, it will become possible to 
form low resistance favorably, keeping a ratio with calculated value 
comparatively low. 
[0055] 

In addition, although a ratio with calculated value can be made small if 
thickness X exceeds 20 micrometers, for example like samples 7, 8, and 
14, the room temperature resistance itself is set to 0. 5ohms or more, 
and there is a problem that sufficient reduction in resistance is 
impossible. Moreover, if thickness X is set to less than 5 micrometers, 
a good thermistor property will no longer be acquired, for example like 
a sample 13 also considering the value of X-Y as within the limits of 4 
<=X-Y<=10. 



[0056] 

When thickness X of one layer of a ceramic layer [mum] is set to 
5<=X<=20 from the result of the example of an experiment explained above, 
BaTi03 which constitutes a ceramic layer If amount of donors Y [%] 
contained in a system semi-conductor ceramic fulfills the conditions of 
4 <=X-Y<=10 It turns out that-izing can be certainly carried out [ low 

] in connection with the lamination of a ceramic layer, and the 
resistance near the resistance moreover calculated from a laminated 
structure can be acquired. 
[0057] 

Therefore, the above conditions can be used also when designing a 

laminating mold positive thermistor. 

[0058] 

Namely, BaTiOS which constitutes a ceramic layer if thickness X [mum] of 
a ceramic layer is determined in this design approach in the range which 
fulfills the conditions of 5<=X<=20 What is necessary is just to 
determine that the amount of donors [%] contained in a system semi- 
conductor ceramic will fulfill 4 <=X and the conditions of Y<=10 
according to thickness X of a ceramic layer. 
[0059] 

[Effect of the Invention] 

As mentioned above, according to the laminating mold positive thermistor 
concerning this invention, according to the laminating mold positive 

thermistor manufactured according to the design approach concerning this 
invention, in connection with the lamination of a ceramic layer, -izing 
can be carried out [ low ^^^^ ] certainly, and the resistance near the 
resistance moreover calculated from a laminated structure can be 
acquired. 

[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the laminating mold 
positive thermistor 1 interesting for this invention. 
[Description of Notations] 

1 Laminating Mold Positive Thermistor 

2 Ceramic Layer 

3 Internal Electrode 

4 Component Body 
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[Procedure revision] 

[Filing Date] October 30, Heisei 15 (2003. 10.30) 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The contents of amendment] 

[Claim(s)] 

[Claim 1] 

It is the design approach of the laminating mold positive thermistor 
equipped with the component body which has a laminated structure with 
the internal electrode which consists of a barium titanate system semi- 
conductor ceramic which shows a forward resistance temperature 
characteristic, is formed respectively in accordance with two or more 



interfaces between two or more ceramic layers by which the laminating 
was carried out and said ceramic layers, and contains nickel, 
The process which determines that thickness X [mum] of said ceramic 
layer will fulfill the conditions of 5<=X<=20, 

The process which determines that amount of donors Y [%] (Y= (donor 
atomic number / Ti atomic number) xlOO) contained in said barium 
titanate system semi-conductor ceramic will fulfill the conditions of 4 
<=X-Y<=10 according to thickness X of said ceramic layer 

the design approach of a laminating mold positive thermistor. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0001 
[Method of Amendment] Modification 
[The contents of amendment] 
[0001] 

[Field of the Invention] 

This invention relates to the design approach of the laminating mold 

positive thermistor especially constituted using a barium titanate 

system semi-conductor ceramic about the design approach of a laminating 

mold positive thermistor. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0020 

[Method of Amendment] Modification 

[The contents of amendment] 

[0020] 

Then, the purpose of this invention is offering the design approach of a 

laminating mold positive thermistor-izing' s being certainly carried out 

[ low **** ] in connection with the lamination of a ceramic layer, and 

the resistance near the resistance moreover calculated from a laminated 

structure being acquired. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0021 

[Method of Amendment] Deletion 

[The contents of amendment] 

[Procedure amendment 6] 

[Document to be Amended] Specification 
[Item(s) to be Amended] 0024 
[Method of Amendment] Deletion 



[The contents of amendment] 



[Procedure amendment 7] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0025 

[Method of Amendment] Deletion 

[The contents of amendment] 

[Procedure amendment 8] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0026 

[Method of Amendment] Modification 

[The contents of amendment] 

[0026] 

This invention is turn to the design approach of the laminating mold 

positive thermistor equipped with the component body which has a 

laminated structure with the internal electrode which is form 

respectively in accordance with two or more interfaces between the 

ceramic layer of the plurality which consists of a barium titanate 

system semi-conductor ceramic which shows a forward resistance 

temperature characteristic by which the laminating was carried out , and 

a ceramic layer , and contains nickel , and it is characterize by to 

have the following configurations in order to solve the technical 

technical problem mentioned above . 
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[Method of Amendment] Modification 

[The contents of amendment] 

[0049] 
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[Document to be Amended] Specification 
[Item(s) to be Amended] 0059 
[Method of Amendment] Modification 
[The contents of amendment] 
[0059] 

[Effect of the Invention] 

As mentioned above, according to the laminating mold positive thermistor 
manufactured according to the design approach concerning this invention, 
in connection with the lamination of a ceramic layer, -izing can be 
carried out [ low ^^^^ ] certainly, and the resistance near the 
resistance moreover calculated from a laminated structure can be 
acquired. 



[Translation done. ] 
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